In metallic ferromagnets, the Berry curvature of underlying quasiparticles can cause an electric voltage perpendicular to both magnetization and an applied temperature gradient, a phenomenon called the anomalous Nernst effect (ANE) [1, 2] . Here, we report the observation of a giant ANE in the full-Heusler ferromagnet Co 2 MnGa, reaching S yx ∼ −6 µV/K at room T , one order of magnitude larger than the maximum value reported for a magnetic conductor [3] . With increasing temperature, the transverse thermoelectric conductivity or Peltier coefficient α yx shows a crossover between T -linear and −T log(T ) behaviors, indicating the violation of Mott formula at high temperatures. Our numerical and analytical calculations indicate that the proximity to a quantum Lifshitz transition between type-I and type-II magnetic Weyl fermions [4-6] is responsible for the observed crossover properties and an enhanced α yx . The 2 T dependence of α yx in experiments and numerical calculations can be understood in terms of a quantum critical scaling function predicted by the low energy effective theory over more than a decade of temperatures. Moreover, the observation of chiral anomaly or an unsaturated positive longitudinal magnetoconductance [7] [8] [9] also provide evidence for the existence of Weyl fermions [10, 11] in Co 2 MnGa.
T dependence of α yx in experiments and numerical calculations can be understood in terms of a quantum critical scaling function predicted by the low energy effective theory over more than a decade of temperatures. Moreover, the observation of chiral anomaly or an unsaturated positive longitudinal magnetoconductance [7] [8] [9] also provide evidence for the existence of Weyl fermions [10, 11] in Co 2 MnGa.
Recent studies of novel phenomena arising from the coupling between spin and heat currents [12] [13] [14] as well as new types of anomalous Hall effects in various magnets [1, 2, [15] [16] [17] have triggered renewed interest in the anomalous Nernst effect (ANE) as one of the topologically nontrivial phenomena and for its potential application to thermoelectric devices [1-3, 13-15, 17, 18, 21] .
ANE is known to generate an electric voltage perpendicular to the applied temperature gradient ∇T and magnetization M, namely E NE = Q s (µ 0 M × ∇T ), where Q s is the anomalous Nernst coefficient and µ 0 is the vacuum permeability. This transverse geometry enables a lateral configuration of the thermoelectric modules to efficiently cover a heat source even with a curved surface [21] , having a much simpler structure than the modules using the conventional Seebeck effect [24] . Since compared to the Seebeck effect, the ANE is a lesser studied phenomenon, there is an enormous scope for understanding the mechanism and controlling the size of ANE through new material synthesis. This should open a new avenue for identifying novel energy harvesting materials.
On the other hand, the size of ANE in generic magnetic materials is too small for practical applications, and it is essential to overcome this hurdle. Promisingly, the recent theoretical and experimental investigations have indicated that the intense Berry curvature of Weyl points residing in the vicinity of the Fermi energy E F can potentially enhance the intrinsic ANE [2, 14, 15, 20, 26] .
However, there is still no clear analytical framework and a guiding principle for estimating and systematically increasing the size of the ANE for magnetic Weyl fermions by a few orders of magnitude. Therefore, experimental and theoretical studies of thermoelectric properties of Weyl magnets are critically important for both basic science and technological applications.
Recent first-principles calculations have showed that Co 2 T X (T = transition metal, X=Si, Ge, Sn, Al, Ga) are potential magnetic Weyl metals, where multiple Weyl points exist in the momentum space near E F [10, 11] . In particular, the first-principles calculations were performed to explain the experimentally observed giant AHE in the ferromagnet Co 2 MnAl [27] . However, the large AHE does not guarantee a large ANE, because the ANE at low T s is given by the Berry curvature at E F , while the AHE is determined by the sum of the Berry curvature for all the occupied states [2, 14, 15] . Hence for a comprehensive understanding of the ANE of Weyl fermions and its correlation with AHE over a few decades of T s, we select the full Heusler ferromagnet Co 2 MnGa, which has a Curie temperature T C ∼ 694 K (Fig. 1a) [28] .
First, we describe our main result, namely the observation of a giant ANE in Co 2 MnGa at room temperature. Figure 2a shows the magnetic field dependence of the Nernst signal −S yx for B [100], [110] and [111] and the heat current Q along [001] or [101] . Clearly, −S yx increases with elevating T and reaches a record high value of |S yx | ∼ 6 µV/K at room temperature and it even approaches ∼ 8 µV/K at 400 K (Fig. 2b) , which is more than one order of magnitude larger than the typical values known for the ANE [3, 14, 15] . The observed value of −S yx is large in comparison with the Seebeck coefficient S xx (Fig. S2 ). For example, |S yx /S xx | is 0.2, an unprecedented value for the Nernst angle θ N ≈ tanθ N = S yx /S xx (Fig. 2a, right axis) . In addition, we found there is almost no anisotropy in S yx within an error-bar (Supplementary Information).
Similar to the ANE, the Hall resistivity is found to be very large, reaching ∼ 15 µΩcm at room temperature and its maximum ∼ 16 µΩcm around 320 K (Figs. 2c and 2d ). The Hall angle θ H ≈ tanθ H = ρ yx /ρ xx is also large and exceeds 0.1 at room temperature. Figures 2c and 2e show the field dependence of the Hall resistivity ρ yx and the magnetization M. Both the Hall and Nernst effects show nearly the same B dependence as the magnetization curve, indicating that the anomalous contribution (∝ M) to the Hall and Nernst effects is dominant and the normal contribution (∝ B) is negligibly small at T = 300 K. The saturated magnetization, which is M s ∼ 3.8µ B at T = 300 K, gradually grows on cooling and reaches M s ∼ 4µ B at 5 K (Fig.   2f ), consistent with the predicted value based on the Slater-Pauling rule. The anisotropy for M is negligibly small at T = 300 K, which is fully consistent with the cubic structure.
The observed |ρ yx | ∼ 15 µΩcm is one of the largest known for AHE. Likewise, the Hall conductivity is also exceptionally large. Figure 3a shows the T dependence of the Hall conductivity,
Here, ρ xx is the longitudinal resistivity, which is found to be isotropic as expected for a cubic system (Fig. S2) . −σ yx monotonically increases on cooling and reaches −σ yx ∼ 2000 Ω −1 cm −1 . This large value is of the same order of magnitude as the one known for the layered quantum Hall effect (QHE). Namely, the anomalous Hall conductivity can reach a value as large as σ H = e 2 ha ∼ 670 Ω −1 cm −1 , a value expected for a 3D QHE with Chern number of unity, where h is Planck constant and a is the lattice constant [5] .
We have also evaluated the T dependence of the anomalous, transverse thermoelectric conductivity α yx as shown in Fig. 3b (Supplementary Information). Up to T ∼ 25 K, −α yx increases almost linearly with T , displaying a maximum around T ∼140 K, followed by a gradual decrease.
Notice that the −α yx vs. T curve closely resembles the functions −T log(T ), and by plotting −α yx /T against log(T ) as shown in Fig. 3c , we find the crossover between two distinct scaling behaviors α yx ∼ T (at low T s) and α yx ∼ −T log(T ) (at high T s). The T -linear behavior is consistent with the Mott relation between α yx at low T s (k B T ≪ E F ) and the energy derivative of σ yx at T = 0, which predicts α yx ≈ −
. However, the observed α yx ∼ −T log(T )
behavior over a decade of T s between ∼ 30 K and 400 K constitutes a clear violation of Mott relation. In the inset of Fig. 3b , we have also presented the numerical calculations for −α yx as a function of T . While the maximum value of −α yx and the overall functional dependence on T are in considerable agreement, the temperature scales where −α yx attains its maximum value have an order of magnitude difference. Now we show how these results can be understood in terms of
Weyl fermions.
The anomalous Hall conductivity at T = 0 is given by
involving the summation over all occupied states, where Ω n,z (k) is the Berry curvature along theẑ direction, n is the band index, and θ(x) is the unit step function. Consequently,
is the Dirac delta function, and only partially occupied bands can contribute to α yx . Therefore, to obtain a large α yx /T , it is essential to concomitantly enhance the density of states (DOS) and the Berry curvature around the Fermi pockets.
Thus, we focus on the largest Fermi surface (Fig. 1b, Supplementary Information, Fig. S4 ) and find that the pertinent bands in the numerical calculations produce Weyl points around E 0 ≈ +20 meV above E F [11] (Fig. 1c) . Indeed, this Fermi surface has a large Berry curvature due to its proximity to the Weyl points (as shown in Fig. 1d ) and also a large DOS (Fig. S5 ) due to the flatness of the dispersion. These Weyl points are located on the zone boundary along U-Z-U line (Fig. 1d ) at ±k 0 = ± 2π a × 0. 15 [110] and along the nodal direction they can be modeled with the low energy Hamiltonians, 
Away from the LQCP (inside type-I or type-II phases) this log divergence gets cut off by the distance from the LQCP defined as is shown in Fig. 3e . By analyzing the sharp peak around E 0 ≈ +20 meV, we have clearly identified the log divergent behavior in Fig.   3f .
Intriguingly, the low energy theory suggests that the effects of LQCP over a wide range of temperatures can be captured in terms of a scaling function
where T 0 ≈ exp [1] × T m , and T m is the temperature where α attains its maximum value α max yx . By setting µ = E 0 , we have obtained the scaling function at the LQCP as
where the lattice constant is measured in angstroms. Notice that the maximum value α . We have also computed α yx (T, µ) for µ = E 0 , in order to demonstrate its crossover form Fig. 3c ). In the real material, the scale T 0 (proportional to v 1 ) is an order of magnitude smaller than the numerical one, which we can attribute to the correlation and disorder driven suppression of To provide further evidence for the existence of Weyl fermions in the vicinity of E F , we have performed angle dependent magnetoresistance measurements to reveal the chiral anomaly. In Weyl metals, the number imbalance between the Weyl nodes with opposite chirality is expected to cause negative longitudinal magnetoresistance when the electric current I and magnetic field B are parallel ( I B), while the transverse magnetoresistance remains positive ( I ⊥ B) [7] [8] [9] .
However, such behavior can be masked in a ferromagnetic Weyl metal for weak magnetic fields, since field induced suppression of magnetic fluctuations (decrease in scattering rate) can cause positive magnetoconductance for an arbitrary angle between I and B. Therefore, it is imperative to perform the measurements at sufficiently low T s and in the presence of strong enough magnetic fields to minimize the effects of magnetic fluctuations. (Fig. 4a) , and their cos 2 (θ) dependence on the angle θ between I and B (Fig. 4b) ) in high magnetic fields (e.g. above | B| ∼ 6 T for I [100] as shown in Single crystals of Co 2 MnGa were prepared by the Czochralski method after making polycrystalline samples by arc-melting Co, Mn, and Ga with an appropriate ratio. Co 2 MnGa is known to be highly resistive to oxidation and we found that the sample is stable in air [29] . As-grown single crystals were used for all the measurements except powder X-ray diffraction as described below. Our analyses using both the inductively coupled plasma (ICP) spectroscopy and energy dispersive X-ray analysis (EDX) indicate that our single crystals are stoichiometric within a few % resolution.
The samples were oriented by the Laue backscattering method, and then cut into a bar-shape by spark erosion. All the surfaces were polished to get flat and mirror-like surfaces. Three samples were prepared by the same procedure to perform the measurements in the different geometries, #100 Nernst effect measurements, the distance between the thermometers l th was set to be ∼ 4.0 mm.
Given the width of the temperature probes, the error-bar of the Seebeck and Nernst signals mainly comes from the uncertainties of the corresponding geometrical factors and is estimated to be ∼ 10 %. All the transport measurements including the electric resistivity, Hall, Seebeck and Nernst effects as well as thermal conductivity were measured for each bar-shape sample using a commercial system (PPMS, Quantum Design). Magnetization was measured for a small piece of the single crystal by using a commercial SQUID magnetometer (MPMS, Quantum Design). The sample was reshaped into a cubic-like shape to reduce the shape anisotropy, before the magnetization measurements.
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shown in (e) in the vicinity of the Weyl point (Fig. 1c, d ) at E 0 ≈ +0.02 eV above the Fermi energy, in accordance with the predictions of low energy theory, described in Eq. (1). (Table S1 ). To make the powder XRD measurements, we annealed the sample at 700
• C for ∼ 3 hours after making powder from single crystals to remove the strains and distortions introduced by the crushing procedure. The 2D-and 1D-characteristic X-ray maps demonstrate the homogeneity of the stoichiometry over the entire sample ( Fig. S1c and S1d).
TRANSPORT PROPERTIES AND ESTIMATION OF THE TRANSVERSE THERMOELECTRIC
CONDUCTIVITY α yx Figure S2 shows the T dependence of (a) the electric resistivity, ρ, (b) the Seebeck effect, Similar to the longitudinal resistivity ρ, the thermal conductivity κ also shows small sample dependence and weak anisotropy. κ(T ) forms a peak around 70 to 90 K most likely following the temperature dependence of the phonon thermal conductivity κ ph as often observed in crystalline materials. Namely, assuming the relation κ ph = C ph vl ph /3, where C ph , v and l ph are specific-heat, mean group velocity and mean free path, respectively, it is conceivable that with decreasing T from high temperature, κ ph first increases because l ph increases with reducing the phonon-phonon scattering and then peaks with the salutation of l ph and finally decreases roughly proportional to
In general, electric current is generated by both electric field E and temperature gradient ∇T , namely
where J,σ andα are the electric current density, the electric and thermoelectric (Peltier) conductivity tensors, respectively. Setting B ẑ and ∇T x, and the open circuit condition J = 0, we obtain,
where we assume that the Seebeck coefficient σ = σ xx = σ yy for the cubic symmetry. Using this equation and values from the experiment, we calculate the T dependence of −α yx (Fig. 3b) . Figure S3 shows the temperature dependence of the specific heat divided by T , C/T obtained for Co 2 MnGa at zero field. To estimate the Sommerfeld coefficient γ, C/T vs. (µΩcm/K 2 )/(mJ/(moleK 2 )) 2 known for strongly correlated electron systems [3, 4] .
SPECIFIC HEAT
The solid curve in the main panel of Fig. S3 represents the sum of γT and the specific heat due to Debye phonons, namely.
where γ = 12.2 mJ/(moleK 2 ) and T D = 350 K, which is only slightly smaller than the one obtained from the fitting below 20 K. This fitting well reproduces the specific heat of Co 2 MnGa in the wide temperature region, and confirms our low temperature estimates of both electronic and phonon contributions to the specific heat.
DENSITY FUNCTIONAL THEORY (DFT) CALCULATION OF ELECTRONIC STRUCTURE
The electronic structure of Co 2 MnGa was obtained by using the QUANTUM ESPRESSO package [5] , where the exchange-correlation functional within the generalized-gradient approximation by Perdew-Burke-Ernzerhof [6] and fully-relativistic ultrasoft pseudopotentials were employed. The cutoff energy for the plane wave basis and charge density was set to 100 Ry and 1000
Ry, respectively, and a k-point grid of 18 × 18 × 18 was used. believe the proximity to the Weyl points of this Fermi surface is one of the important factors to enhance the anomalous Hall conductivity at E F (Fig. 3e in the main text) .
DENSITY OF STATES OF CO 2 MNGA
The density of states near the Fermi energy is shown in Fig. S5 . The broad and sharp peaks observed at ∼ E F and ∼ 6 meV above E F , respectively, can contribute to enhance α yx (main text).
CONSTRUCTION OF WANNIER REPRESENTATION
From the Bloch states obtained in the DFT calculation described above, a Wannier (realistic tight-binding) basis set was constructed using the Wannier90 code [9] . The basis was composed of (s, p, d)-character orbitals localized at each Co and Mn site and (s, p)-character ones at Ga site, i.e., 62 orbitals/f.u. in total, including spin multiplicity. This set was extracted after iteration for disentangling 116 bands from the space spanned by the original Bloch states in the energy range from −11 eV up to +50 eV, while freezing the bands up to +2 eV so as to maintain the original dispersion close to the Fermi energy. This iteration was repeated up to the point where the localization of Wannier orbitals improved no more than 0.002% in consecutive steps. No unitary transformation for further localization was performed within the 62 orbitals. Finally, the Wannier-representation of the Hamiltonian was obtained.
EXPRESSIONS OF THE ANOMALOUS HALL AND TRANSVERSE THERMOELECTRIC CONDUCTIVITIES
The anomalous Hall conductivity σ yx and the anomalous transverse thermoelectric conductivity α yx that intrinsically appear in crystalline systems can be expressed with the out-of-plane component Ω n,z (k) of the Berry curvature as follows [10] 
where e, , ε nk , f nk , µ are the elementary charge with negative sign, the reduced Planck constant, the band energy, and the Fermi-Dirac distribution function with the band index n and the wave vector k, and µ is the chemical potential. Manipulation of Eq. (5) leads to the following simple relation [10] 
which can be approximated as
at low temperatures where thermal energy broadening is small enough compared to the Fermi energy.
The σ yx and α yx shown in Figs. 3b-d of the main text were computed according to Eqs. (4) (5) in the Wannier representation, using, for the integrations, a k-point mesh of 100 × 100 × 100 and additionally an adaptive mesh of 3 × 3 × 3 in regions with large Ω n, z . The α yx shown in Fig. 3e and f of the main text was evaluated by numerical differentiation corresponding to Eq.(7).
WEYL POINT SEARCH IN THE BRILLOUIN ZONE
The Weyl points, each of them being characterized by a topological charge (Berry flux) of either ±2π through a closed surface enclosing it, have been searched with our implementation of the method of Fukui-Hatsugai-Suzuki [11] . The search was performed for each one of 50 ×50 ×50
parallelepiped boxes obtained by evenly dividing the Brillouin zone: Evaluating the total Berry flux through the surface of a box, via the computation of overlaps between the Bloch states at neighboring k-points on a 10 × 10 mesh on each side, it was determined whether the box contains a Weyl point, and if so, which charge it has.
TRANSVERSE THERMOELECTRIC CONDUCTIVITY |α yx | OF VARIOUS MAGNETS
The values of |α yx | plotted in Fig. 4c [19] . Normally, the anomalous Nernst effect is seen only in ferromagnets. Note that Fig. 4c includes one exception, the chiral antiferromagnet Mn 3 Sn with tiny spontaneous moment ∼ 3mµ B /Mn. Interestingly, α yx of Mn 3 Sn is comparable to the other ferromagnets [14, 15] , because the large intrinsic contribution from the Weyl points near E F [20] dominates the ANE, similarly to the case of Co 2 MnGa.
COMMENT ON THE POSITIVE MAGNETOCONDUCTANCE
Apart from the chiral anomaly and anisotropic magnetoconductance discussed in the main text, positive longitudinal magnetoconductance (LMC) or negative longitudinal magnetoresistance (LMR) may also arise from other origins such as current jetting effect and weak localization.
In high-mobility compensated semimetals, the transverse magnetoresistance (TMR) can be very large compared to LMR, which is characterized by the large value of the ratio, A=TMR/LMR.
For such materials, the current flows directly between the current contacts without spreading along the perpendicular direction to the field for B I, hence which is called current jetting [21] . Recently, it has been shown that this current jetting effect is the major origin for the negative LMR observed in several Weyl semimetals [22, 23] . In Co 2 MnGa, however, the carrier mobility is small compared to the weakly correlated semimetals and zero-gap semiconductors. Moreover, the magnetoresistance is very isotropic A ∼ 1.01. Nevertheless, we have performed the explicit measurements to rule out the current-jetting effect. Namely, we confirmed that the magnetoconductivity Field induced suppression of weak localization in conventional dirty semimetals and semiconductors is known to cause the negative magnetoresistance (positive magnetoconductance) in all directions. However, in the absence of magnetic field, weak localization causes the resistivity minimum at low temperatures [24, 25] . We do not find such minimum in the temperature dependence of the resistivity for Co 2 MnGa (Fig. S2) . Therefore, field-induced suppression of weak localization cannot explain the observed magnetoconductance.
ANISOTROPIC MAGNETORESISTANCE AND THE PROXIMITY TO THE HALF METALLICITY
The half metallicity and its proximity may contribute to the anisotropy in the magnetoresistance and induce so-called anisotropic magnetoresistance (AMR). While Co 2 MnGa itself is not a half metal, the proximity is clear from its high spin polarization value P = 0.6 revealed by experiment [26] . The AMR for Heusler alloys is extensively studied in thin films and well captured by the recent theory by Kokado et al. based on the s-d coupling model [27, 28] . The theory predicts that the systematic relation between AMR ratio, (ρ I B − ρ I⊥B )/ρ I⊥B , and valence electron number, N V . By using this relation, a positive AMR ratio, namely σ I B < σ I⊥B , is expected given N V ∼ 28 for Co 2 MnGa. However, we observe σ I B > σ I⊥B (Fig. S6h) , leading to the negative sign of AMR ratio, which contradicts the AMR theory and is consistent with the chiral anomaly.
EFFECTIVE LOW ENERGY THEORY
The expression for anomalous transverse thermoelectric conductivity in Eq. (5) can also be written as
where
is the entropy density for the n th band, and β = 1/(k B T ). After introducing an auxiliary variable of integration ǫ, we can rewrite this as
where the energy derivative of anomalous Hall conductivity σ xy is evaluated at zero temperature.
We are interested in α xy of a tilted, time reversal symmetry breaking Weyl semimetal, for which the right (+) and the left handed (−) Weyl fermions are described by the low energy Hamiltonians,
In the above equation 
where, F (x) is a dimensionless scaling function, and E c = v 1 k 0 is the high-energy cutoff for the low energy theory of Weyl fermions. Consequently, the temperature and chemical potential dependence of α xy can be captured in terms of a scaling function
Through detailed analytical and numerical calculations, we can show that at low energies the energy derivative of the Hall conductivity shows a logarithmic singularity i.e., At the Lifshitz point, the band dispersions along the nodal separation become flat. In particular, one of the bands can produce a very large Fermi pocket along the nodal direction, and it is important to employ a lattice regularization along the nodal separation for avoiding any spurious divergence at large energies or momenta. Hence, we would consider the following approximate two-band model
with t 1 = t 2 = t, leading to v 1 = v 2 = v = ta/(2 ) sin(k 0 a/2). For this lattice regularized theory, the scaling functions can be suitably defined as
Now we proceed with the evaluation of F (x, k 0 a). For x > 0, only the conduction band with
can produce a Fermi pocket. In the low energy regime x = ǫ/t < 2[1 − cos(k 0 a/2)], the k z coordinate for the Fermi pocket will be bounded by arccos[cos(k 0 a/2) + x/2] < |k z a/2| < π. All the integrals for determining F can be performed analytically. However, the actual forms of F are not very illuminating. If we concentrate on |x|
with z 0 = arccos[cos(k 0 a/2) + x/2]. After finishing the integral over z, we find that for small x,
as announced in the Eq. (1) of the main text. This logarithmic dependence is clearly identified in the first-principles calculation. After determining F , we can perform the integration over x numerically to obtain α xy , which shows the crossover between the T -linear (at low temperatures µ > k B T ) and T log(T /T 0 ) (at high temperatures k B T 0 > k B T > µ) behaviors. However, the integrations for E F = E 0 , can be done analytically to obtain the results in Eq. (3). By plotting the energy derivative of the anomalous Hall conductivity determined by the first-principles calculation around E = +0.02 eV against log(E − E 0 ) in Fig. 3f 
FIGURE OF MERIT
For thermoelectric materials based on the Seebeck effect, the dimensionless figure of merit ZT = σ xx S 2 xx T /κ xx is usually used to estimate the efficiency because the maximum efficiency is described by ZT ,
where T c and T h are temperatures at the hot and cold parts, T av = (T h + T c )/2 is the average temperature and η C = (T h − T c )/T h is Carnot efficiency, respectively [29] .
On the other hand, the efficiency for the thermoelectric generation by Nernst effect η ANE can be written as
where Z yx T = σ xx S 2 yx T /κ yy is the figure of merit for ANE [30] . Since the functional form of η ANE is very different from that of η SE , e.g. η ANE → η C at Z yx T → 1 while η ANE → η C at ZT → ∞, Z yx T cannot be directly compared to ZT .
For Co 2 MnGa, we have estimated Z yx T as shown in Fig. S7 . Z yx T is nearly isotropic, which is beneficial for applications. Z yx T monotonically increases on heating and reaches Z yx T ∼ 0.08 (%) at T = 400 K. This is much smaller compared to the reported values for Seebeck effect and comparable to those for spin Seebeck effect [31] . 
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7 . Rietveld analysis. The lattice parameter is determined by the analysis for the X-ray diffraction spectra with Cu Kα radiation.
